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Executive Summary
The Port Phillip Bay (PPB) Annual Trawl Sub-
Program of the Channel Deepening Baywide 
Monitoring Programs is a continuation of the 
PPB Annual Trawl Program that has been 
conducted by the Department of Primary 
Industries, for the most part annually, since 
1990. This sub-program aims to detect trends in 
demersal fish communities in PPB at both 
shorter and longer time scales. The specific 
objective is to detect interannual changes in the 
abundance of all common fish in PPB outside of 
expected variability. 
Fish populations typically vary in space and 
time. In a comparatively shallow bay like PPB, 
fish stocks are expected to vary at annual, 
multi-year and decadal time scales as 
conditions change. This program comprises: 
• A statistical test of expected variation to 
examine multi-year trends in fish 
populations between the periods 2004/05–
2007 and 2008–2011, and 
• Long-term analysis of trends in fish 
populations for the period 1990–2011. 
This report incorporates the results of the 
annual trawl survey undertaken in March 2011 
for four regions of PPB. The emphasis is on 
analysis of biomass and abundance of four key 
fish species (eastern shovelnose stingaree, sand 
flathead, sparsely spotted stingaree and spiny 
gurnard). Additional analysis examining long-
term trends was undertaken using Bayesian 
change point analysis for the four key species, 
plus three additional species (globefish, 
snapper and banjo ray) and total fish and 
cephalopod biomass - for which there was high 
statistical power to detect temporal changes in 
biomass, for the period 1990–2011. 
Changes outside expected 
variability: 2008–2011 
Biomass and abundance was within expected 
variability for all key species for the reporting 
period 2008–11 compared with the background 
periods 2004–07 (for the deep and intermediate 
regions) and 2005–07 (for the shallow and west 
regions), with the following exceptions:  
• Sand flathead biomass and abundance were 
significantly lower than the background 
period in the shallow region from 2011, and 
in the intermediate and deep regions from 
2009 onwards. There was no change in the 
rate of decline between 2004/05–07 and 
2008–11 in the shallow, intermediate and 
deep regions.  
• Eastern shovelnose stingaree biomass, but 
not abundance, in the west region was 
detected to be significantly lower for the 
period 2008–2011 compared to the 
background period 2005–2007.  
Sand flathead was once the most abundant 
demersal fish species in Port Phillip Bay, but 
was only the 8th most abundant species caught 
by the trawl in 2011. Between 2004 and 2011 
sand flathead biomass declined in all regions of 
Port Phillip Bay, except the west region for 
which the statistical power to detect change is 
low. Sand flathead biomass in PPB has declined 
by 85–90% in the shallow, intermediate and 
deep regions, and by 66% in the west region 
since 2000. The analyses indicate this is a 
baywide phenomenon. 
The significant decline in sand flathead biomass 
and abundance in PPB is consistent with: 
• A longer-term pattern of decline observed 
for PPB trawl catches linked to change 
points in 2000/2002, and attributed to the 
absence of any significant recruitment for 
this species since the mid 1990s  
• Declining recreational catch rates for sand 
flathead during the period 2008–2010  
• Declining catch rates (catch per unit effort) 
for the commercial sand flathead fishery in 
PPB since the late 1980s. 
Commercial sand flathead catches in PPB first 
decline in the 1960s, and the most recent survey 
data are consistent with a long-term decline 
observed for PPB as a whole. 
The ecological implications of this decline are 
largely unknown. Sand flathead are predatory 
fish that prey on small fish and decapods, and 
in turn, are preyed upon by larger predatory 
fish in PPB including banjo rays, yank flathead 
and sharks.  
By comparison, the decline in biomass of 
eastern shovelnose stingaree in the west region 
is likely to have had little impact on the 
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population status of this fish species in PPB 
because: 
• The pattern is localised and <5% of the 
stingaree population is estimated to reside 
in the west region 
• Stingaree populations in PPB were 
augmented by strong recruitment events in 
2007, 2008, 2010 and 2011. 
Changes in fish communities: 
1990–2011 
The number, timing, and magnitude of changes 
to demersal fish populations in PPB over the 
last 20 years was analysed in time series using 
Bayesian change point analysis, whereas the 
spatial extent of changes within PPB was 
examined by analysing fish populations within 
regions that correspond primarily with changes 
in depth. 
Bayesian change point analysis, undertaken on 
time series from 1990–2011, confirmed 
significant changes in the biomass of demersal 
fish species. Change point may be either a step-
change, which is an abrupt change in 
abundance; a trend-change, which is an abrupt 
change in the trend; or both. Change points 
were identified for: 
• Sand flathead biomass in 2000 and 2004 in 
the deep; 2002 and 2006 in the intermediate 
region; and 2002 in the west region  
• Eastern shovelnose stingaree biomass in 
2000 in the deep region 
• Spiny gurnard biomass in 1992 for the west 
region, and in 2000 for the deep region 
• Snapper biomass in 2000 in the shallow 
region 
• Total fish biomass in 2005 in the 
intermediate region. 
No change points were identified for sparsely 
spotted stingaree, globefish or banjo ray 
populations in PPB from 1990 to 2011.  
All change points were associated with 
reductions in biomass, with the exception of 
snapper biomass in the shallow region which 
increased after 2000. This finding is consistent 
with higher commercial and recreational catch 
rates for adult snapper in PPB from 2002 
onwards. 
Demersal fish assemblages in PPB have 
undergone significant changes over the past 
two decades. Over this period, PPB has 
experienced major environmental changes that 
have affected the net input of nutrients into 
PPB, and the way in which nutrients are stored 
and utilised by different biological components.  
Bayesian statistical analysis highlights a 
common change point reflecting either a step-
wise change, or a change in the trend, for 
catches following 2000. The timing of these 
changes most closely correspond with the onset 
of major environmental changes in the Bay, 
including the long-term drought which 
commenced in the late “90s. It also appears that 
changes in fish biomass were not uniform 
across regions, and that over shorter time 
scales, variation in recruitment has also played 
a role for some species. 
The period 2008–2011 was characterised by 
relative stability and the absence of any major 
change points, with the exception of the 
continuing decline of sand flathead from 2000 
onwards in PPB. 
Conclusions 
Interannual variation for all fish species, except 
eastern shovelnose stingaree in the west region 
and sand flathead in the shallow, intermediate 
and deep regions, were within expected 
variability for PPB during the reporting period 
2008-2011.  
The decline in eastern shovelnose stingaree 
biomass in the west region has little ecological 
consequence for PPB as a whole. 
The decline in sand flathead abundance and 
biomass in the shallow, intermediate and deep 
regions between 2004–2007 and 2008–2011 
reflects an on-going trend in PPB that can be 
traced back to 2000 for the trawl data and 
possibly earlier using commercial fisheries 
data. The ecological implications of this decline 
for PPB are largely unknown. 
The contrasting biomass trends for two of the 
most abundant and recreationally important 
fish species in PPB, sand flathead and snapper, 
over the last 2 decades can be partly explained 
by variation in recruitment. Whereas, the sand 
flathead population has not experienced 
significant recruitment since 1993, snapper have 
experienced three major recruitment events 
since 1998 that have augmented population 
numbers in PPB. The causes for these differing 
recruitment patterns remain unknown at the 
present time. 
Fish biomass and abundance in the period 
2008–2011 was characterised by relative 
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stability and the absence of any major change 
points, with the exception of the continuing 
decline of sand flathead from 2000 onwards in 
PPB. This period was preceded by an episode of 
relatively abrupt change for a range of species 
following 2000 in the intermediate and deep 
regions. The latter appears to correspond with 
the prolonged drought in southern Australia 
and associated reductions in PPB productivity. 
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Introduction 
The Port Phillip Bay Annual Trawl Sub-
Program is described in the Channel Deepening 
Baywide Monitoring Programs Fish Stock and 
Recruitment Detailed Design - 
CDP_ENV_MD_14 Rev 4 (PoMC 2010). This 
sub-program undertakes an annual trawl 
survey of Port Phillip Bay (PPB) to monitor 
long term trends in biomass and abundance of 
common fish species. 
The objective of this sub-program is to detect 
inter-annual changes in the abundance of all 
common fish in Port Phillip Bay (PPB) outside 
of expected variability. 
Purpose of this report 
This milestone report presents: 
• A summary of results for the annual 2011 
trawl survey 
• Statistical comparison of changes in 
biomass and abundance of four non-
aggregating species (eastern shovelnose 
stingaree, sand flathead, sparsely spotted 
stingaree, and spiny gurnard) between 
2008–11 and the background periods 2004–
07 (for the deep and intermediate regions) 
and 2005–07 (for the shallow and west 
regions), 
• Discussion of the overall status of seven 
common species (including the four above, 
plus globefish, snapper and banjo rays) for 
which there is high statistical power to 
detect change, highlighting any change 
points, trends or apparent anomalies 
observed in the data over the period 1990–
2011 
• Discussion of factors that may have 
contributed to significant changes in 
species after 2007 
• Discussion of the limitations of the data  
• Description of QA/QC issues and 
associated implications for the data. 
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Materials and Methods
Details of the project design, methods and 
statistical analysis for this sub-program are 
described in the Detailed Design (PoMC 2010), 
DPI (2008), Emphron (2009b), Parry et al. (2009) 
and Hirst et al. (2010). Additional methods 
utilised for the 2011 annual trawl survey are 
summarised in Appendix 1. 
During the 2011 annual trawl survey, fish were 
collected at 22 depth-stratified sites across four 
regions in PPB (Figure 1), between 7 and 11 
March 2011 (Appendix 1 Table 1). 
A new trawl net was deployed in 2011. Net #4 
had been in use for eight years (2003–2010 
annual trawls) and was beginning to show 
signs of heavy wear, and was replaced by a 
new net, Net #6, in 2011. Net #6 was set-up by 
the staff of Western Alliance Pty Ltd using the 
same configuration as Net #5 (first used in the 
2007 annual trawl). Net comparisons 
undertaken at all sites in 2011 confirmed that 
Nets #5 and #6 behaved similarly in the field 
(Appendix 1). 
Data Management 
QA/QC. 
There were no significant field events observed 
during this reporting period.  
Calibration details for the new trawl net, Net 
#6, used during the 2011 survey are provided 
in Appendix 1. 
Exceptions to Detailed Design 
Exceptions to the Detailed Design (PoMC 
2010) relevant to this report are documented in 
Exception Report ER2011–88, and summarised 
as follows: 
• Incorrect data for total (fish and 
cephalopod) biomass for west region 
analysed using change point analysis in 
Milestone Report No. 3 for the period 
1990–2010 (Hirst et al. 2010); correct data 
presented and analysed in this milestone 
report (No. 4) for the period 1990–2011 
• Incorrect data for mean fish length for the 
background period in Milestone Report 
No. 3 (Hirst et al. 2010); correct data 
presented and analysed in this milestone 
report (No. 4). 
These exceptions have not changed the 
conclusions reached in this report, but have 
altered conclusions specifically about changes 
in total fish biomass in the west region drawn 
in Milestone Report No. 3 (Hirst et al. 2010).  
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Figure 1. Location of depth-stratified trawl sites in PPB: off Mornington, St Leonards, Geelong, 
Werribee, Hobsons Bay and Beaumaris. Sites classified as ‘Deep’, ‘Intermediate’, ‘Shallow’ and 
‘West’ are shown and the areas of PPB for which these sites are representative are shaded.  
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Results
Detailed results for the 2011 annual PPB 
survey are provided in Appendix 2, and are 
summarised below. Preliminary reporting is 
presented in Hirst et al. (2011). 
A total of 57 species of fish and cephalopods 
were caught during the 2011 trawl survey 
(Appendix 2, Table 6). 
Changes in four key species 
from 2004/05–07 to 2008–11 
The biomass and abundance of the four key 
species was within expected variability during 
the reporting period 2008–11 compared with 
the background periods 2004–07 (for the deep 
and intermediate regions) and 2005–07 (for the 
shallow and west regions), for all species 
except:  
• Sand flathead biomass and abundance 
which decreased in the shallow, 
intermediate and deep regions.  
• Eastern shovelnose stingaree biomass 
which decreased in the west region.  
The rate of decline of sand flathead biomass 
and abundance was not significantly different 
between 2004–07 and 2008–11 in the shallow, 
intermediate and deep regions. 
Population structure 
The population structure of eastern shovelnose 
stingaree, sand flathead, sparsely spotted 
stingaree and spiny gurnard populations 
varied from year-to-year. 
The mean length of sand flathead was 
significantly lower in the intermediate, deep 
and west regions, but not the shallow region, 
for the period 2008–2011 compared with 
2004/05–2007.  
The mean length of spiny gurnard was 
significantly lower in the shallow, intermediate 
and deep regions, but not the west region, for 
the period 2008–2011 compared with 2004/05–
2007.  
Statistical comparisons for eastern shovelnose 
stingaree and sparsely spotted stingaree were 
not made due to the bi-modal structure of their 
size-frequency distributions (see Appendix 2). 
There were strong recruitment cohorts for 
eastern shovelnose stingaree in 2007, 2008, 
2010 and 2011 and for sparsely spotted 
stingaree in 2005, 2006, 2010 and 2011.  
Changes in fish communities: 
1990–2011 
Change points in fish abundance were 
previously identified using Bayesian change 
point analysis for the periods 1990–2009 (DPI 
2008, Parry et al. 2009) and 1990–2010 (Hirst et 
al. 2010).  
Four of the seven species examined exhibited 
change points in at least one region for the 
period 1990–2011 (Table 1).  
Of the nine change points identified for 
individual species (Table 1):  
• Five were associated with a decrease in 
sand flathead biomass in three of the four 
regions. The initial decline in 2000 in the 
deep and 2002 in the intermediate regions 
was followed by change points in 2004 in 
the deep and 2006 in the intermediate 
regions. Sand flathead declined in the west 
region following a change point in 2002  
• Two were associated with a step-wise 
decreases in eastern shovelnose stingaree 
and spiny gurnard biomass in the deep 
region following 2000 
• One was associated with an increase in 
biomass of snapper in the shallow region 
following 2000  
• One was associated with a decrease in 
spiny gurnard biomass in the west region 
following 1992. 
No change points were identified for sparsely 
spotted stingaree, globefish or banjo rays 
during the period 1990–2011 (Table 1). 
A single change point, detected in 2005, was 
associated with declining total fish biomass in 
the intermediate region. Change points 
previously identified for the deep region were 
no longer detected following the inclusion of 
the 2011 data (see Appendix 2). Change points 
previously detected in the west region for the 
period 1990-2010 (Hirst et. al. 2010) were due to 
data error (see Materials and Methods; 
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ER2011-88), and were not detected following 
the inclusion of data from 2011. 
 
 
 
 
Table 1. Summary of change points with posterior probability of change > 0.5 identified for four 
key fish species, three additional common fish species for which there was high statistical power 
and total fish biomass for the period 1990–2011 in each region.  Orange shading highlights change 
points associated with reductions in biomass; green shading highlights change points associated 
with an increase in biomass.  Blanks indicate where no change points were detected for the period 
1990–2011. 
Species West Shallow Intermediate Deep
Sand flathead 2002 2002 2000
2006 2004
Eastern shovelnose stingaree 2000
Sparsely spotted stingaree
Spiny gurnard 1992 2000
Globefish
Snapper 2000
Banjo ray
Total fish biomass 2005  
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Discussion
The ecology of demersal fish assemblages in 
PPB is influenced by many factors that alter 
the productivity and mortality of fish. These 
factors may include fishing pressure 
(commercial and recreational), nutrient levels, 
algal blooms, freshwater flows, circulation 
patterns, habitat loss and modification, 
predation pressure, invasive species and 
pollution events. Any one or combination of 
these factors can potentially affect the biomass 
and/or spatial distribution of fish species in 
PPB. 
Changes in the biomass and 
abundance of species outside 
expected variability: 2008–11 
Biomass and abundance for all species, with 
the exception of sand flathead in the shallow, 
intermediate and deep regions and eastern 
shovelnose stingaree in the west region, were 
within expected variability. 
Sand flathead 
Sand flathead biomass and abundance were 
detected to have occurred outside of expected 
variability for the shallow, intermediate and 
deep regions, where biomass for the period 
2008–2011 was significantly lower than the 
background period 2004/05–2007. 
Approximately 95% of the sand flathead stock 
in PPB is estimated to occur within these three 
regions (Parry et al. 2009).  
The biomass and abundance of sand flathead 
was detected to have declined from 2009 
onwards in the intermediate and deep regions, 
and in the shallow region following the 
inclusion of data in 2011 (Hirst et al. 2011). The 
decline detected in 2011 follows a 45% 
reduction in biomass of sand flathead sampled 
in the shallow region between 2010 and 2011 
(Hirst et al. 2011). 
The rate of decline of sand flathead biomass 
and abundance was not significantly different 
between 2004–07 and 2008–11 in the shallow, 
intermediate or deep regions, although the 
power to detect such changes is low (Emphron 
2009).  
The significant decline in sand flathead 
biomass and abundance in PPB is consistent 
with: 
• A pattern of declining catches for the PPB 
trawl, sourced to change points in 2000–
2002 (Hirst et al. 2010b), and attributed to 
the absence of any significant recruitment 
for this species since the mid 1990s (Parry 
et al. 2009b, Hirst et al. 2010b)  
• Declining recreational catch rates for sand 
flathead recorded between the periods 
2003–07 and 2008–10 (Bruce et al. 2011)  
• Declining catch rates for the commercial 
sand flathead fishery in PPB since the 
1980s (Figure 26). 
The mean length of sand flathead was 
significantly lower in the intermediate, deep 
and west regions after 2007. It does not 
necessarily follow that because a population is 
in decline, size (length) will also decline. There 
are two possible explanations (for which there 
is limited evidence): 
• The decline is the result of fishing down of 
larger individuals in the population 
through over-fishing a diminishing 
proportion of the sand flathead population 
in PPB that is greater than the legal size 
limit (the minimum size limit for sand 
flathead in PPB is 27 cm) (Figure 14) 
• The reduction in size between 2004–2007 
and 2008–2011 may be due to declining 
growth rates. Further work is planned to 
examine this in more detail. 
Sand flathead was once the most abundant 
demersal fish species in PPB (Parry et al. 2009), 
but by 2011 was only the 8th most abundant 
species caught by the trawl (see Table 6). 
Between 2004 and 2011, sand flathead biomass 
declined in all regions of PPB, except for the 
west region for which the statistical power to 
detect change is low. This suggests this pattern 
is a baywide phenomenon. 
The ecological implications of this decline are 
largely unknown. Sand flathead are predatory 
fish that prey on small fish and decapods and 
are thought to be the dominant predators in 
PPB (Officer and Parry 1997). In turn, sand 
flathead are preyed upon by larger predatory 
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fish in PPB including banjo rays, yank flathead 
and sharks (Parry et al. 1995).  
Eastern shovelnose stingaree 
Eastern shovelnose stingaree biomass, but not 
abundance, remained significantly lower in the 
west region for the reporting period 2008–11, 
compared with 2005–07, consistent with the 
results of the 2010 PPB trawl (Hirst et al. 
2010a). 
The west region comprises only two sites and 
is the least representative of the regions 
considered. Catch estimates are based on a 
small number of shots (≤4) and standard errors 
are high compared with the other three 
regions. Inter-annual trends are consequently 
more volatile and longer-term trends more 
difficult to discern in this region. As a 
consequence, results from this region should 
be interpreted with greater caution than the 
other three PPB regions. 
The absence of significant declines in this 
species elsewhere in PPB implies changes to 
eastern shovelnose stingaree population were 
localised to the Geelong Arm and Corio Bay; 
the areas comprising the west region.  
The decline in biomass of eastern shovelnose 
stingaree in the west region is likely to have 
had little impact on the population status of 
this fish species in PPB or the ecology of PPB 
as a whole because: 
• The decline is localised, and the 
population of eastern shovelnose stingaree 
in the west constitutes <5% of the total 
stingaree population in PPB  
• Eastern shovelnose stingaree populations 
in PPB were augmented by strong 
recruitment events in 2007, 2008, 2010 and 
2011. 
Changes in fish communities: 
1990–2011 
Fish populations typically vary in space and 
time. In a comparatively shallow bay like PPB, 
fish stocks are expected to vary at annual, 
multi-year and decadal time scales as 
conditions change. Many lines of evidence are 
used to examine these changes in fish 
abundance, including: 
• Commercial and recreational catches, 
which can provide indices of fish 
abundance, though these measures can be 
confounded by changes in fisher 
behaviour, targeting practices, and 
changes to the relative market value of fish 
products 
• Catch rates, expressed as catch per unit 
effort (CPUE), which provide a measure of 
fish abundance standardised against a unit 
of fishing effort. As with catch data, using 
catch per unit effort as a proxy of 
abundance can be confounded by the same 
factors that influence catch 
• Fishery-independent surveys (such as PPB 
annual trawl), which provide information 
on abundance that is not biased by 
recreational or commercial fisher 
behaviour (Walker and Gason 2007). In 
addition, these types of surveys collect 
information on fish species that are not of 
recreational or commercial importance, 
and for which no other data exist. 
The present study draws on all available lines 
of evidence collected for PPB. The available 
information indicates, with varying levels of 
certainty, that abundance of fish assemblages 
in PPB have changed over time (DPI 2010). 
Much of the short-term (annual) variability in 
fish abundance can be attributed to 
recruitment history, as strong and weak year 
classes progress through the population.  
Natural variability on longer time scales 
(multi-year to decadal) can have greater 
impacts on fisheries production than those at 
inter-annual timescales (Walker and Gason 
2007).  Identifying changes in fish assembles at 
multi-year and decadal time scales requires 
reliable long-term measures of fish abundance.  
Estimating the timing of changes can be 
challenging because ecological time series are 
often ‘noisy’. Changes in fish population 
abundance can be identified statistically as 
points in time where abrupt changes occur in 
the relationship between the mean abundance 
of a species and time. Change points may be: 
• A step-wise change, which is an abrupt 
change in abundance (followed by relative 
stasis) 
• A trend change, which is an abrupt change 
in the rate of change, or 
• Both step-wise and trend changes. 
Undoubtedly changes in fish assemblages in 
PPB occurred prior to 1990, but the PPB 
Annual Trawl Survey spanning 22 years (1990–
2011) provides the only means by which 
changes in fish assemblages in PPB at multi-
year time scales can be statistically described. 
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Long-term fishery independent bottom trawl 
surveys provide a key source of information 
about the productivity and trophic structure of 
demersal fish assemblages (Anderson and 
Piatt 1999, Beare et al. 2004, Thompson et al. 
2010).  
Demersal fish assemblages in PPB have 
undergone significant changes over the past 
two decades. Over this period, PPB has 
experienced major environmental changes that 
have affected the net input of nutrients into the 
Bay, with subsequent impacts on primary and 
fisheries productivity. 
From 1997 to 2009, southern Australia 
experienced the longest and most severe 
drought on record (Ummenhoffer et al. 2009). 
Victoria experienced 13 consecutive years of 
below average rainfall between 1997 and 2009, 
leading to reductions in river flows and a 40% 
reduction in nitrogen load into PPB from 
riverine sources (primarily the Yarra River; 
Port E2 catchment model; EPA). On top of this, 
nitrogen loads into PPB from the Western 
Treatment Plant declined by 60% between 2001 
and 2009 due to increased denitrification 
(Spooner et al. 2011), and drought related 
reduction in flows. 
There was no evidence of deterioration in the 
physical and biological processes that affect 
nutrient cycling in PPB during the drought 
(Longmore & Nicholson 2010), but reductions 
in nutrient loads and freshwater into the Bay 
are likely to have reduced the availability of 
nutrients, and resulted in higher salinities from 
1998 onwards (EPA 2009a,b).  
During 2010, annual rainfall exceeded the 
long-term average for the first time in 13 years 
(EPA 2011). Signs of increased primary 
productivity (Longmore & Nicholson 2011) 
and higher catch rates of estuarine fish that are 
dependent on freshwater flows (e.g. black 
bream) (Bruce et al. 2011) were reported during 
2011. 
The number, timing, and magnitude of 
changes to demersal fish populations in PPB 
over the last 20 years was analysed in time 
series using Bayesian change point analysis, 
whereas the spatial extent of changes within 
PPB was examined by analysing fish 
populations within regions that correspond 
primarily with changes in depth. 
Time-series for four (out of seven) individual 
fish species examined: sand flathead, eastern 
shovelnose stingaree, spiny gurnard and 
snapper featured change points occurring at or 
around 2000 (Table 1). All but one change 
point involved reductions in biomass, with the 
only clear exception to this pattern being a 
large increase in snapper biomass in the 
shallow region following 2000. 
Change points were associated with both step-
wise and rate changes in trends implying 
different causal mechanisms and responses in 
population structure.  
Sand flathead biomass displayed a clear 
declining trend in all regions after 2000/2002. 
This pattern was clearest in the intermediate 
and deep regions where sand flathead are 
most abundant, but is also visible for sand 
flathead catches in the shallow and west 
regions (see Figure 15). The trend in the deep 
and intermediate regions differed from other 
time-series as it was characterised by 
subsequent change points in 2004 and 2006. It 
is impossible to determine whether these 
change points signify a change in the rate of 
the decline using the methods available. Sand 
flathead biomass in 2011 in PPB has declined 
by 85–90% in the shallow, intermediate and 
deep regions, and by 66% in the west region 
since 2000. 
The decline in sand flathead observed during 
the period covered by the trawl (1990–2011) 
may have been preceded by a longer-term 
pattern of decline for sand flathead in PPB, for 
which the evidence is largely dependent on 
commercial catches (see above regarding 
caveats). Commercial catches of sand flathead 
have been in decline since the 1960s, in part 
due to changes in behaviour of commercial 
fishers as a result of the commercial scallop 
fishery (1963–1996). Setting gill nets for 
flathead after the commencement of the 
scallop fishery in 1963 became impractical for 
commercial fishers in some areas of PPB, as the 
scallop dredging damaged the nets (Parry et al. 
2009, Hirst et al. 2010b). 
In contrast to sand flathead, eastern 
shovelnose stingaree, spiny gurnard and 
snapper all displayed step-wise changes in 
mean biomass following 2000: 
• Eastern shovelnose stingaree and spiny 
gurnard mean biomass decreased by 56% 
between 1990–2000 and 2002–2011 in the 
deep region. There is little sign that these 
populations have returned to pre-2000 
levels   
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• Snapper mean biomass increased by 900% 
between 1990–2000 and 2002–2011 in the 
shallow region  
The increase in snapper biomass is consistent 
with higher commercial catch rates for snapper 
in PPB from 2002/03 onwards (Figure 27). The 
abundance of 1+ year old snapper caught by 
the PPB trawl is highly correlated with other 
indices of snapper recruitment such as direct 
estimates of snapper recruitment based on 0+ 
fish abundance (Hamer and Jenkins in prep.) 
and recreational catches for 1+ fish (see Figure 
24), and is consistent with estimates of larval 
abundance from 2008–2010 (Acevedo et al. 
2010). The increase in commercial catch rates 
from 2000 onwards for snapper can largely be 
attributed to strong recruitment events in 
1997/98, 2000/01 and 2003/04. Recreational 
catch rates for snapper remained high in 
October-December 2010 and the recreational 
fishery remains dominated by fish spawned in 
2000/01 (Bruce et al. 2011). Catches of 1+ 
snapper caught by the PPB trawl indicate that 
snapper recruitment was lower throughout the 
early 1990s (Figure 24). 
Trends in total fish biomass (fish and 
cephalopods) varied between regions from 
1990–2011. Total fish biomass has increased in 
the shallow region, but decreased in the 
intermediate region following a change point 
in 2005. Total fish biomass decreased in the 
deep region following a change point in 2000 
(Hirst et al. 2010), but appears to have 
recovered substantially since 2008 (see Figure 
22). Hirst et al. (2010) detected change points 
following 2000 and 2005 in the deep region for 
the period 1990–2010, but with the addition of 
data from 2011 these change points were no 
longer significant at a posterior probability 
>0.50 (50% likely). It is a matter of 
interpretation whether these change points 
remain real (although in 2011 the posterior 
probabilities for these years still remained 
relatively high (P=0.319 and 0.347), compared 
with background levels (P<0.05)). 
The seven species considered in this report 
comprise 70% of the total biomass caught (see 
Table 6). Eagle and smooth rays also constitute 
a major proportion of the total catch, but are 
typically represented by only a few 
individuals. Trends in total fish biomass reflect 
changes in the composition of fish assemblages 
in each of the regions. An increase in the 
shallow region can largely be attributed to a 
large increase in the abundance of snapper 
after 2000, whilst decreases in the intermediate 
and deep regions can be attributed to declines 
in the abundance of sand flathead and eastern 
shovelnose stingaree.  
Whilst the increase and decrease of snapper 
and sand flathead respectively from 2000 
onwards can largely be attributed to varying 
recruitment levels, the causes of recruitment 
success and failure for these two species are 
not well understood. In contrast, it is unknown 
what factors contributed to the decline of 
eastern shovelnose stingaree and spiny 
gurnard populations in the deep region, and 
both populations have not subsequently 
recovered to pre-2000 levels.  
Demersal fish assemblages in PPB have 
undergone significant changes over the past 
two decades. Bayesian statistical analysis 
highlights a common change point reflecting 
either a step-wise change, or a change in the 
trend, for catches of some species following 
2000. The timing of these changes most closely 
correspond with the onset of major 
environmental changes in the Bay, including 
the long-term drought which commenced in 
the late “90s. It also appears that changes in 
fish biomass were not uniform across regions, 
and that over shorter time scales, variation in 
recruitment has also played a role for some 
species. 
Conclusions 
Interannual variation for all fish species, except 
eastern shovelnose stingaree in the west region 
and sand flathead in the shallow, intermediate 
and deep regions, were within expected 
variability for PPB during the reporting period 
2008–2011.  
The decline in eastern shovelnose stingaree 
biomass in the west region has little ecological 
consequence for PPB as a whole. 
The decline in sand flathead abundance and 
biomass in the shallow, intermediate and deep 
regions between 2004–2007 and 2008–2011 
reflects an on-going trend in PPB that can be 
traced back to 2000 for the trawl data and 
possibly earlier for the commercial fisheries 
data. The ecological implications of this decline 
for PPB are largely unknown. 
The contrasting biomass trends for two of the 
most abundant and recreationally important 
fish species in PPB, sand flathead and snapper, 
over the last two decades can be partly 
explained by variation in recruitment. 
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Whereas, the sand flathead population has not 
experienced significant recruitment since 1993, 
snapper have experienced three major 
recruitment events since 1998 that have 
augmented population numbers in PPB 
(Figure 25). The causes for these differing 
recruitment patterns remain unknown. 
Fish biomass and abundance in the period 
2008–2011 was characterised by relative 
stability and the absence of any major change 
points, with the exception of the continuing 
decline of sand flathead from 2000 onwards in 
PPB. This period was preceded by an episode 
of relatively abrupt change for a range of 
species following 2000 in the intermediate and 
deep regions. The latter appears to correspond 
with the prolonged drought in southern 
Australia and associated reductions in PPB 
productivity. 
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Appendix 1 Materials and Methods 
Materials, methods and statistical analysis for 
this sub-program are described in PoMC 
(2010), DPI (2008), Parry et al. (2008, 2009a) and 
Hirst et al. (2010a). Materials and methods for 
this sub-program specific to the 2011 reporting 
period (this report) have also been 
preliminarily reported in Hirst et al. (2011).  
The reliability of temporal trends in fish 
abundance depends upon using equivalent 
methods each year and, where changes are 
unavoidable, making corrections for these.  
Field methods 
Differences in the length, duration, speed and 
number of trawl tows between years are 
summarised in Table 2 for all annual trawl 
surveys undertaken by Department of Primary 
Industries (DPI) in PPB for the period 2004–
2011. 
The distance between trawl doors (‘door 
spread’) when fishing was calculated in 2011 
for each net (#5 and #6) and at most sites, and 
is summarised in Table 3. Typically, door 
spreads are wider at greater depth due to the 
longer tow cable length used. 
QA/QC for replacement net 
Net #4 was replaced with a new Net #6 in 2011 
because of concerns that heavy wear may 
begin to impair net efficiency (pers. com. D. 
Guyliot, Western Alliance Pty Ltd). Net #4 had 
been in service for eight years (approx. 176 
shots) prior to 2011. Three nets had previously 
been used in the program dating back to 1990, 
with a mean net life of 6.75 years. The 
retirement of net Net #4 after eight years of 
service is therefore consistent with previous 
experience (Table 4). 
Net comparisons confirmed that nets #5 and #6 
behaved very similarly in the field. Door 
spreads for Nets #5 and #6 (Table 3), and 
catches for all common non-aggregating 
species combined, were similar (Type II 
regression slope centred through the origin = 
0.90) (Table 5).  
Correction for differences 
between nets 
Net efficiency characteristics were compared 
as described in DPI (2008), to ensure that 
temporal trends do not result from variation in 
net efficiency (Tables 2, 3 and 5).  
Corrections for net efficiency were only: 
• Undertaken where there was strong 
evidence that a species or group of species 
were caught less efficiently in one net. 
Corrections were not applied: 
• Where the number of paired tows was 
small (i.e. N<11), unless there was 
evidence that a group of species with 
similar vulnerability to being captured had 
low catches in the same net (e.g. 2008 
survey) 
• If the overall gradient for all species was 
near 1.  
Corrections were previously applied to: 
• All non-aggregating species in 2008 
• spiny gurnard and sand flathead in 2009 
• spiny gurnard in 2010 (Table 5). 
During 2011, Nets #5 and #6 had similar 
overall catches for non-aggregating species 
(slope = 0.90, Table 5). Catches for spiny 
gurnard (slope = 0.92), eastern shovelnose 
stingaree (b = 1.09), sparsely spotted stingaree 
(b = 0.80) and sand flathead (b = 0.94) were 
considered sufficiently similar to require no 
correction (Table 5).  
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Table 2. Annual differences in timing, vessel used, length of trawl shots, tow duration, tow speed 
and total number of tows undertaken by DPI during annual PPB trawl surveys (2004–2011). 
Year Date Vessel
No. of 
tows
Mean SE Mean SE Mean SE
2004 15-19 Mar Castella Rosa 482 5.2 300 0 3.1 0.03 44
2005 28 Feb-4 Mar Castella Rosa 515 3.2 300 0 3.3 0.02 44
2006 27-31 Mar Castella Rosa 484 4.3 301 1.4 3.1 0.03 43
2007 5-9 Mar Castella Rosa 470 4.1 300 0 3.1 0.03 44
2008 4-8 Mar Castella Rosa 479 4.3 300 0 3.1 0.03 44
2009 16-20 Mar Western Alliance 506 2.2 300 0 3.3 0.01 44
2010 15-19 Mar Western Alliance 515 5.2 300 0 3.2 0.02 44
2011 7-11 Mar Western Alliance 505 3.6 300 0 3.3 0.02 44
Mean 495 4.0 3.0 0.01
Tow length (m) Tow duration (sec) Tow speed (Knots)
 
Table 3. Distance (m) between trawl doors at 7, 12, 17 and 22 m depths and for nets #5 and #6 
(pooled across all depths) during the 2011 PPB trawl survey. 
Variable N
Length of tow cable 
(m)
Mean Std error
Depth
7 8 50 36.3 3.2
12 10 50 32.0 0.4
17 10 75 41.0 1.0
22 10 100 49.9 0.8
Net
Net #5 19 39.5 1.9
Net #6 19 40.5 1.9
Spread of doors
 
 
Table 4. Duration of demersal net life (years) over the PPB Trawl Program 1990–2011. 
Net Duration (years)
Net 1 9
Net 2 4
Net 3 6
Net 4 8
Net 5 2007-
Net 6 2011-
Mean 6.75  
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Table 5. Comparison of net efficiencies (measured as type 2 regression slopes through zero) based on comparisons of catches of non-aggregating species 
for paired tows between 2004 and 2011. Shaded regions indicate net pairs that differed sufficiently for a correction to be applied* (N, number of sites 
where paired tows utilised in analysis; grad, gradient of type 2 regression through zero; a gradient of 1 indicates both nets are fishing equally). 
Species
2004 2005 2006 2007 2008
grad N grad N grad N grad N grad N grad N grad N grad N
Greenback flounder 0.72 3 1.28 7 2.16 4 . 4 0.32 13 0.72 12 0.98 13 0.87 16
Longsnouted flounder . 2 0.63 4 0.93 4 0.63 3 0.80 7 1.49 11 1.58 8 0.54 10
Spiny gurnard 0.70 6 1.58 11 1.37 13 0.56 8 0.42 20 0.74 21 0.68 20 0.92 20
Eastern shovelnose stingaree 0.30 5 1.43 9 1.86 12 0.69 7 0.82 17 1.07 19 1.16 18 1.09 20
Sparsely spotted stingaree 1.28 6 1.07 11 1.24 13 0.54 10 0.71 21 0.97 22 0.82 21 0.8 22
Sand flathead 0.88 6 1.02 11 1.10 13 1.06 10 0.67 21 0.76 22 0.94 22 0.94 22
Yank flathead 1.81 6 0.99 10 1.01 13 0.69 8 0.81 20 1.06 21 0.79 21 0.91 20
Common gurnard perch . 2 0.60 5 . 1 . 2 1.00 3 . 9 0.91 8 . 5
Balmain bug 1.21 2 1.88 7 0.67 5 3.41 6 0.69 12 0.98 11 1.00 11 1.34 13
All above species 0.92 38 1.05 75 1.11 78 0.97 58 0.65 134 0.83 148 0.90 142 0.9 148
Number of sites where both nets used 6 11 13 10 22 22 22 22
Net used for most tows in each year Net 3 Net 3 Net 3 Net 4 Equal Equal Equal Equal
Net 4 vs Net 3
2011
Net 6 vs 5Net 5 vs Net 4
20102009
* Criteria for correction described on p. 11 
 16 
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Statistical Analysis 
Statistical analysis of data was undertaken 
for four common non-aggregating species 
(eastern shovelnose stingaree, sand flathead, 
sparsely spotted stingaree and spiny 
gurnard) according to the Detailed Design 
(PoMC 2010). This involved a comparison of 
fish biomass and abundance between the 
periods 2008–11 and the background period 
2004–07, for intermediate and deep regions, 
and 2005–2007 for shallow and west regions. 
 
Statistical comparisons for shallow and west 
regions are based on data for the period 
2005–07 (i.e. n = 3 years) as trawl tows in 2004 
at 7 m were undertaken using an incorrect 
cable length (i.e. 25 m rather than 50 m). This 
resulted in a lower fishing efficiency at this 
depth. Consequently, 2004 data for shallow 
and west regions are excluded from all 
analyses conducted in this report (Hirst et al. 
2010).  
Analysis of covariance (ANCOVA) was 
undertaken for sand flathead to examine 
differences in the rate of decline in 
abundance between the periods 2004/05 and 
2008–11 for all regions in which sand 
flathead was detected to have declined (i.e. 
shallow, intermediate and deep regions). 
Mean length for sand flathead and spiny 
gurnard was compared between the periods 
2004–2007 (except for shallow and west regions 
where 2004 data was excluded) and 2008–2011 
using nested ANOVA where year was nested 
within periods (model = period + year(period)). 
This analysis is appropriate for sand flathead 
and spiny gurnard where the length-frequency 
distributions are highly unimodal (see Figures 
11–14), but not appropriate for eastern 
shovelnose and sparsely spotted stingarees that 
have bi-modal or multi-modal length-frequency 
distributions (see Figures 7-10). 
Long-term (22-year) trends in fish biomass in 
PPB were analysed using Bayesian change point 
analysis in each of the four regions of PPB 
between 1990 and 2011 for the following: 
• Four key species (eastern shovelnose 
stingaree, sand flathead, sparsely spotted 
stingaree and spiny gurnard) considered in 
this study  
• Three additional species (snapper, globefish 
and banjo rays) for which there was high 
statistical power to detect temporal changes 
in biomass 
• Total fish biomass (including all fish and 
cephalopod species caught).  
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Appendix 2 Results  
Preliminary results for the annual 2011 trawl 
survey have been previously reported by Hirst 
et al. (2011). The following describes a more 
detailed summary and analysis of these data. 
A total of 57 species of fish and squid were 
caught during the 2011 trawl survey (Table 6).  
Changes in the biomass and 
abundance of four key species 
between 2004–07 and 2008–11 
Biomass trends for the background period and 
2008–11 are shown for each of four key species 
(sand flathead, eastern shovelnose stingaree, 
sparsely spotted stingaree and spiny gurnard) 
and region in Figures 2, 4–6. Summary 
statistics for the four key species and an 
additional three species of interest (banjo ray, 
globefish and snapper), for which there was 
high statistical power to detect change in 
population biomass, for the period 2004–11 are 
displayed in Table 10.   
The biomass and abundance of the four key 
species fell within expected variability during 
the reporting period 2008–11, in comparison to 
the background period 2004–07 for all species 
except:  
• sand flathead biomass and abundance 
which decreased in the shallow, 
intermediate and deep regions (Table 7 
and 8, Figure 2 and 3)  
• eastern shovelnose stingaree biomass 
which decreased in the west region (Table 
7, Figure 4). 
Analysis of covariance (ANCOVA) indicated 
that the rate of decline of sand flathead 
biomass and abundance was not significantly 
different between 2005–07 and 2008–11 in the 
shallow region, and between 2004–07 and 
2008–11 in the intermediate and deep regions 
(Table 9, Figure 2 and 3). 
Changes in the size structure of four 
key species  
The mean length of the four key species (sand 
flathead, eastern shovelnose stingaree, 
sparsely spotted stingaree and spiny gurnard) 
sampled from four regions of PPB during the 
period 2004–11 is displayed in Table 11. Data 
for the shallow and west regions are for 2005-
2011 only (see Materials and Methods). 
Length-frequency information for these same 
species is shown in Figures 7–14.  
There were strong recruitment cohorts in 2007, 
2008, 2010 and 2011 for eastern shovelnose 
stingaree (Figures 7 and 8) and 2005, 2006, 2010 
and 2011 for sparsely spotted stingaree 
(Figures 9 and 10). 
Statistical comparison of mean lengths 
between periods was only attempted where 
length-frequency distributions approximated 
uni-modal distributions (i.e. sand flathead and 
spiny gurnard). 
Mean length was significantly lower in the 
period 2004/05–2007 than 2008-2011 for: 
• Spiny gurnard in the shallow (nested 
ANOVA, F1,332 = 15.1, P<0.001), 
intermediate (F1,1510  = 235, P<0.001) and 
deep (F1,1539 = 169.9, P<0.001) regions, but 
not the west region (F1,48 =0.3, P=0.719) 
(Figures 11 and 12) 
• Sand flathead in the intermediate (nested 
ANOVA, F1,3671 = 91.6, P<0.001), deep (F1,6606 
= 22.1, P<0.001) and west (F1,397 = 12.4, 
P<0.001) regions, but not the shallow 
region (F1,732 = 0.3, P=0.606) (Figures 13 and 
14). 
Changes in fish communities: 1990–
2011 
Change points in fish biomass and abundance 
were previously identified for seven species 
(four key species and three additional species 
for which there was statistical power to detect 
change in population biomass) and total fish 
biomass in four regions of PPB using Bayesian 
change point analysis for the periods 1990-2010 
(DPI 2008, Parry et al. 2009) and 1990–2010 
(Hirst et al. 2010). The analysis has now been 
updated to include 2011 data. The strength and 
position of change points may alter as more 
data are added; particularly where this alters 
the overall long-term temporal trend.  
Change points were determined to have 
occurred where the Bayesian posterior 
probability of change exceeded 0.5 (i.e. 50% 
chance of change) using a convention 
suggested by Emphron (2009b). Four of the 
seven species examined exhibited change 
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points in at least one region for the period 1990 
to 2011. These include: 
• A decline in sand flathead biomass in the 
deep region of PPB following 2000 
(P=0.893), and 2004 (P=0.635). Sand 
flathead biomass declined 68% between 
1990–2000 and 2002–11 in the deep region 
(Figure 15). 
• A decline in sand flathead biomass in the 
intermediate region of PPB following 2002 
(P=0.500) and 2006 (P=0.595). Sand flathead 
biomass declined 80% between 1990–2002 
and 2003–11 in the intermediate region 
(Figure 15). 
• A decline in sand flathead biomass in the 
west region following 2002 (P=0.569). Sand 
flathead biomass declined 71% between 
1990–2002 and 2005–11 (Figure 15).  
• A reduction in eastern shovelnose 
stingaree biomass following 2000 (P=0.809) 
in the deep region. Eastern shovelnose 
stingaree biomass declined 56% between 
1990–2000 and 2002–11 in the deep region 
(Figure 16). 
• A reduction in spiny gurnard biomass in 
the deep region following 2000 (P=0.816). 
Spiny gurnard biomass declined 56% 
between 1990–2000 and 2002–11 in the 
deep region (Figure 17).  
• A reduction in spiny gurnard biomass in 
the west region following 1992 (P=0.969). 
Spiny gurnard biomass declined 78% 
between 1990–1992 and 1993–2011 in the 
west region (Figure 17).  
• An increase in snapper biomass in the 
shallow region following 2000 (P=0.501). 
Snapper biomass increased 904% between 
1990–2000 and 2002–11 in the shallow 
region (Figure 18).  
• No change points for sparsely spotted 
stingaree (Figure 19), globefish (Figure 20) 
or banjo rays (Figure 21) for the period 
1990–2011. 
Of the nine change points identified for 
individual species, eight occurred after 2000, 
and six occurred in the period 2000-02. Eight 
were associated with declines in biomass for 
three species, and only a single change point 
for snapper was associated with an increase in 
biomass. Six of the nine change points 
occurred in the deep and intermediate regions 
of the bay. Only three occurred in the period 
2004–2011: change points for sand flathead in 
the deep and intermediate regions in 2004 and 
2006, and following 2005 for total fish biomass. 
These seven species constituted 70% of the 
total biomass of fish and cephalopods caught 
in 2011 (Table 6). Total fish biomass declined 
in the:  
• Intermediate region following 2005. Total 
fish biomass declined by 49% between 
1990–2005 and 2006–11 in this region 
(Figure 22). 
Change points previously detected in the deep 
region for the period 1990–2010 (Hirst et. al. 
2010) were no longer detectable following the 
inclusion of data from 2011. Total fish biomass 
in the deep region increased sharply between 
2010 and 2011 (Figure 22). Change points 
previously detected in the west region for the 
period 1990-2010 (Hirst et. al. 2010) were due 
to data error (see Materials and Methods; 
ER2011-88), and were not detected following 
the inclusion of data from 2011. 
Snapper recruitment patterns 1990–
2011 
Annual recruitment patterns over the period 
1990–2011 for snapper were analysed by 
plotting catches for the one-year old age cohort 
caught by the PPB trawl and comparing these 
against other measures of snapper recruitment 
in PPB. One-year old (1+ fish) were estimated 
to be in the range of 10–17 cm on the basis of 
cohort-analysis of length-frequency data for 
the 2011 trawl ( 
 
 
Figure 23) and Bruce et al. (2010).  
Snapper recruitment patterns were explored 
using three data sets: pre-recruit surveys of 0+ 
fish sampled by a small beam trawl (2000–
2011) (P. Hamer unpub. data); recreational 
catches for 1+ fish caught by a single angler 
(1998–2011) (R. Winstanley unpub. data); and 
1+ fish caught by the trawl (1990-2011). In 
combination, time-series from these three 
methods provide greater confidence about the 
certainty of past trends. The PPB trawl data 
allows analysis of trends that predate the pre-
recruit survey data (2000–2011) and angler 
surveys (1998-2011).  
There was clear concordance for recruitment 
trends between the three methods (Figure 24). 
In combination, the methods detected major 
recruitment events in 1997–98, 2000–01 and 
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2003–04; and very low recruitment (i.e. near 
zero catch rates) in 1998–99 and 2005–06 
(Figure 24). Notably, the PPB trawl data 
indicated higher recruitment in 2009–10 than 
predicted by the pre-recruit survey. 
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Table 6. Species of fish and squid caught during the 2011 PPB trawl survey. Rank is based on the 
total biomass of each species caught. 
Rank Common name Species name Total weight (kg)
1 Globefish Diodon nicthemerus 671.7
2 Snapper Pagrus auratus 522.4
3 Sparsely-spotted Stingaree Urolophus paucimaculatus 369.6
4 Southern Eagle Ray Myliobatis australis 294.1
5 Eastern shovelnose stingaree Trygonoptera imitata 224.1
6 Smooth Stingray Dasyatis brevicaudata 209.0
7 Southern Fiddler Ray/ Banjo Ray Trygonorrhina facsciata 197.2
8 Sand Flathead Platycephalus bassensis 140.0
9 Yellowtail Scad Trachurus novaezelandiae 78.9
10 Barracouta Thrysites atun 66.5
11 Yank Flathead Platycephalus speculator 54.0
12 Red mullet Upeneichthys vlamingii 48.7
13 Prickly Toadfish Contusus brevicaudus 36.1
14 Southern Calamari Sepioteuthis australis 23.1
15 Gummy Shark Mustelus antarcticus 22.3
16 Port Jackson Shark Heterodontus portusjacksoni 21.9
17 King George Whiting Sillaginodes punctata 12.4
18 Spiny Gurnard Lepidotriga papilio 10.9
19 Greenback Flounder Rhombosolea tapirina 8.6
20 Longsnout Flounder Ammotretis rostratus 7.3
21 Australian Angelshark/ Angel Shark Squatina australis 6.4
22 Elephantfish /Elephant shark Callorhynchus milii 6.2
23 Snook /Short-finned Pike Sphyraena novaehollandiae 4.4
24 Arrow Squid Nototodarus gouldi 4.1
25 Rock Ling Genypterus tigerinus 2.9
26 Warehou Seriolella brama 2.8
27 Common Gurnard Perch Neosebastes scorpaenoides 2.7
28 Australian Anchovy / Southern Anchovy Engraulis australis 2.6
29 Yellow-eye Mullet Aldrichetta forsteri 2.0
30 Rock Flathead Platycephalus laevigatus 1.6
31 Longsnout Boarfish Pentaceropsis recurvirostris 1.4
32 Silver Trevally Pseudocaranax georgianus 1.3
33 Leatherjacket juveniles unid. Monacanthid unid. 1.3
34 Smooth Toadfish Sphaeroides glaber 1.3
35 Southern School Whiting Sillago bassensis 1.2
36 Sandy Sprat Hyperlophus vittatus 1.2
37 Red Cod Pseudophycis bachus 1.0
38 Thornback Skate Dentiraja lemprieri 0.8
39 Little Gurnard Perch Maxillicosta scabriceps 0.8
40 Broadnose Seven-gill Shark /Seven-gilled SharkNotorynchus cepedianus 0.7
41 Pufferfish Allomycterus pilatus 0.6
42 Butterfly Gurnard Lepidotrigla vanessa 0.6
43.5 Soldier /Cobbler Gymnapistes marmoratus 0.4
43.5 Common stinkfish Foetorepus calauropomus 0.4
45 Ornate Cowfish Aracana ornata 0.4
46.5 Silverbelly / Lowfin Parequula melbournensis 0.3
46.5 Black Bream Acanthopagrus butcheri 0.3
48 Rough Leatherjacket Scobinichthys granulatus 0.3
49.5 Pilchard Sardinops neopilchardus 0.2
49.5 Shaws Cowfish Aracana aurita 0.2
51 Southern Red Scorpionfish Scorpaena papillosa 0.2
52.5 Little Weed Whiting Neoodax balteatus 0.2
52.5 Silver Dory Cyttus australis 0.2
54.5 Southern Cardinalfish Vincentia conspersa 0.2
54.5 Bass Strait Flounder Arnoglossus bassensis 0.2
56 Australian Herring /Tommy Ruff Arripis georgianus 0.1
57 Southern Crested Weedfish Cristiceps australis 0.0  
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Table 7. Analysis of changes in biomass [log10 (kg + 1)] of four key species in four regions of PPB 
between 2004–07 and 2008–11. Statistically significant values (P<0.05) are shown in bold. T-values 
indicate where biomass was higher (+) or lower (-) in 2008–11 compared with 2004–07.  
Species Region Est** SE df t P 
Eastern shovelnose stingaree Shallow* 0.300 0.178 68 1.685 0.097 
 Intermediate 0.272 0.174 114 1.558 0.122 
 Deep 0.007 0.146 133 0.047 0.963 
 West* -0.670 0.292 17 -2.297 0.035 
Sand flathead Shallow* -0.359 0.176 68 -2.047 0.045 
 Intermediate -0.444 0.146 114 -3.045 0.003 
 Deep -0.582 0.100 133 -5.844 <0.001 
 West* -0.197 0.268 17 -0.735 0.472 
Sparsely spotted stingaree Shallow* -0.018 0.173 68 -0.101 0.919 
 Intermediate -0.024 0.161 114 -0.152 0.880 
 Deep -0.086 0.147 133 -0.584 0.560 
 West* -0.171 0.289 17 -0.592 0.562 
Spiny gurnard Shallow* 0.037 0.040 68 0.929 0.356 
 Intermediate -0.047 0.064 114 -0.746 0.457 
 Deep -0.003 0.048 133 -0.065 0.949 
  West* 0.041 0.066 17 0.624 0.541 
* Calculations for shallow and west regions are based on 2005–07 data only (see Materials and Methods) 
** Variance estimates are based on mixed-effects statistical model using data from 1990–2011 
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Table 8. Analysis of changes in abundance [log10 (number + 1)] for four key species in four regions 
of PPB between 2004–07 and 2008–11. Statistically significant values (P<0.05) are shown in bold. T-
values indicate where abundance was higher (+) or lower (-) in 2008–11 compared with 2004–07. 
Species Region Est** SE df     t P 
Eastern shovelnose stingaree Shallow* 0.014 0.193 68 0.07 0.944 
 Intermediate 0.328 0.189 114 1.73 0.087 
 Deep -0.070 0.113 133 -0.62 0.536 
 West* -0.404 0.268 17 -1.51 0.151 
Sand flathead Shallow* -0.592 0.259 68 -2.29 0.025 
 Intermediate -0.595 0.182 114 -3.27 0.001 
 Deep -0.687 0.110 133 -6.22 <0.001 
 West* -0.125 0.356 17 -0.35 0.731 
Sparsely spotted stingaree Shallow* -0.094 0.189 68 -0.50 0.618 
 Intermediate -0.046 0.202 114 -0.23 0.822 
 Deep -0.090 0.177 133 -0.51 0.611 
 West* -0.078 0.387 17 -0.20 0.843 
Spiny gurnard Shallow* 0.190 0.238 68 0.80 0.428 
 Intermediate -0.138 0.201 114 -0.69 0.493 
 Deep 0.022 0.162 133 0.14 0.891 
  West* 0.456 0.355 17 1.28 0.216 
 * Calculations for shallow and west regions are based on 2005–07 data only (see Materials and Methods) 
** Variance estimates are based on mixed-effects statistical model using data from 1990–2011 data 
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Figure 2. Mean (± se) biomass of sand flathead per shot in each region for years 2004–07 and 2008–
11.  
Note, data for 2004 for shallow and west regions are omitted (see Materials and Methods). 
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Figure 3. Mean (± se) abundance of sand flathead per shot in each region for years 2004–07 and 
2008–11. 
Note, data for 2004 for shallow and west regions are omitted (see Materials and Methods). 
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Figure 4. Mean (± se) biomass of eastern shovelnose stingaree per shot in each region for years 
2004–07 and 2008–11.  
Note, data for 2004 for shallow and west regions are omitted (see Materials and Methods). 
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Figure 5. Mean (± se) biomass of sparsely spotted stingaree per shot in each region for years 2004–07 
and 2008–11.  
Note, data for 2004 for shallow and west regions are omitted (see Materials and Methods). 
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Figure 6. Mean (± se) biomass of spiny gurnard per shot in each region for years 2004–07 and 2008–
11.  
Note, data for 2004 for shallow and west regions are omitted (see Materials and Methods). 
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Table 9. Analysis of covariance (ANCOVA) examining the effect of period (2004–07, and 2008–11) 
on the inter-annual trend (covariate = year) for sand flathead log10 (weight + 1) and log10 (abundance 
+ 1) in shallow, intermediate and deep regions. 
 Source SS df MS F-ratio P 
Shallow regionA      
Log (weight+1)      
Period 0 1 0 0 0.989 
Year 0.104 1 0.104 1.925 0.170 
Period*YearB 0.014 1 0.014 0.26 0.612 
Error 3.565 65 0.055 
  
Log (abundance+1)      
Period 0.594 1 0.594 0.546 0.463 
Year 4.39 1 4.39 4.039 0.049 
Period*YearB 0.003 1 0.003 0.002 0.960 
Error 71.731 65 1.104   
      
Intermediate region      
Log (weight+1)      
Period 0.009 1 0.009 0.101 0.752 
Year 0.438 1 0.438 5.179 0.025 
Period*YearB 0.087 1 0.087 1.023 0.314 
Error 9.132 108 0.085 
  
Log (abundance+1)      
Period 0.154 1 0.154 0.133 0.716 
Year 4.884 1 4.884 4.228 0.042 
Period*YearB 0.3 1 0.3 0.258 0.613 
Error 125.628 108 1.163   
      
Deep region      
Log (weight+1)      
Period 0.001 1 0.001 0.030 0.862 
Year 0.565 1 0.565 16.617 <0.001 
Period*YearB 0.015 1 0.015 0.445 0.506 
Error 4.235 124 0.034   
Log (abundance+1)      
Period 0.032 1 0.032 0.123 0.726 
Year 3.864 1 3.864 14.691 <0.001 
Period*YearB 0.019 1 0.019 0.072 0.788 
Error 32.86 124 0.265     
A Calculations for shallow region based on 2005–07 data only (see also Materials and Methods) 
B Test for homogeneity of within-group regression slopes (H0 = equal slopes). Statistical interactions between the 
covariate year and the categorical variable period (i.e. period*year term) were not significant (P>0.05) indicating 
that regression slopes were equivalent for the periods 2004–07 and 2008–11.  
 
 
  
Table 10. Mean (± se) biomass (kg/5 min tow) for seven fish species and total fish biomass in four regions between 2004 and 2011 (ND, no data).   
Region Species Mean se Mean se Mean se Mean se Mean se Mean se Mean se Mean se
Shallow Sand flathead ND 1.30 0.24 4.32 1.41 1.46 0.53 1.37 0.44 1.32 0.41 0.96 0.23 0.53 0.13
Globefish ND 21.65 3.88 27.68 6.37 41.05 8.91 14.33 3.63 24.67 5.69 26.79 6.47 55.06 11.12
Sparsely spotted stingaree ND 14.75 3.03 17.27 4.27 10.73 2.23 17.61 2.74 9.95 1.41 11.88 1.55 11.99 2.27
Eastern shovelnose stingaree ND 6.29 2.38 7.21 2.40 6.95 1.98 8.11 1.82 5.96 1.35 9.83 2.56 7.40 1.92
Snapper ND 21.43 7.21 10.29 4.46 1.29 0.62 1.60 1.04 4.00 1.92 4.55 2.11 31.24 19.34
Banjo ray ND 6.24 2.60 6.08 1.72 3.46 1.88 8.48 2.57 8.97 3.55 6.17 2.05 7.44 4.22
Spiny gurnard ND 0.25 0.07 0.16 0.05 0.12 0.06 0.27 0.12 0.24 0.12 0.17 0.06 0.17 0.06
Total ND 82.25 13.87 88.94 16.79 86.11 17.68 64.70 7.39 72.84 8.95 65.87 7.98 137.25 32.37
Intermediate Sand flathead 6.88 1.02 8.91 2.23 7.74 2.76 3.70 0.56 5.39 1.03 2.35 0.49 2.70 0.54 3.87 0.83
Globefish 11.10 2.11 6.28 2.10 3.34 0.71 4.12 0.94 6.74 1.89 5.03 1.09 2.79 1.10 3.33 0.91
Sparsely spotted stingaree 9.67 2.16 8.52 1.20 6.50 1.74 5.30 0.77 7.87 1.92 8.30 1.94 3.90 1.71 11.87 2.94
Eastern shovelnose stingaree 3.04 0.81 4.82 1.47 2.54 0.62 4.83 1.26 5.35 0.97 3.68 0.75 3.71 1.12 7.31 1.85
Snapper 0.99 0.43 14.11 5.39 5.23 2.44 2.31 2.06 3.07 2.60 0.68 0.29 1.16 0.44 2.20 1.48
Banjo ray 11.76 3.52 5.47 1.35 3.66 0.94 3.88 1.21 3.88 1.26 5.34 1.16 4.12 1.61 3.90 0.99
Spiny gurnard 0.40 0.09 0.65 0.21 0.43 0.22 0.32 0.07 0.65 0.16 0.3 0.10 0.19 0.05 0.31 0.11
Total 81.08 10.92 73.10 10.73 39.51 8.38 39.09 5.32 47.44 7.48 36.77 5.15 30.97 6.54 44.93 6.45
Deep Sand flathead 13.81 1.37 9.20 0.92 10.72 1.78 7.64 0.88 6.75 0.65 4.85 0.51 4.33 0.59 4.49 0.49
Globefish 0.66 0.18 2.96 1.60 1.21 0.56 0.56 0.18 1.55 0.75 2.65 0.88 0.77 0.25 1.06 0.23
Sparsely spotted stingaree 2.84 0.37 4.99 1.38 3.47 0.97 1.88 0.35 2.57 0.53 2.76 0.57 3.70 1.07 2.86 0.95
Eastern shovelnose stingaree 0.81 0.58 1.44 0.61 1.51 0.43 2.92 1.26 1.70 0.60 2.12 0.90 1.80 0.72 0.73 0.28
Snapper 2.68 0.85 10.77 1.72 6.00 1.23 5.03 2.51 0.39 0.16 2.52 0.55 4.19 0.61 6.73 1.56
Banjo ray 0.13 0.13 1.12 1.00 0.65 0.50 1.50 0.79 0.36 0.18 0.42 0.30 0.14 0.10 2.23 0.89
Spiny gurnard 0.33 0.06 0.22 0.04 0.32 0.12 0.39 0.08 0.34 0.08 0.29 0.06 0.30 0.06 0.27 0.06
Total 31.54 2.74 39.23 4.56 32.32 3.27 33.88 7.71 16.78 1.93 23.12 3.66 24.25 3.24 48.96 13.34
West Sand flathead ND 2.01 0.34 2.33 0.63 1.54 0.55 1.20 0.24 2.78 0.32 1.13 0.61 2.17 0.52
Globefish ND 7.50 3.23 12.18 2.66 9.73 4.66 2.45 0.92 9.11 2.58 3.27 0.51 14.38 5.86
Sparsely spotted stingaree ND 7.70 2.41 7.58 1.02 5.40 2.90 2.79 0.52 6.20 2.27 2.21 1.68 9.42 3.41
Eastern shovelnose stingaree ND 4.45 1.90 8.05 2.04 7.38 3.48 1.34 0.62 2.31 0.77 2.47 0.34 9.00 4.78
Snapper ND 10.03 6.24 2.58 2.06 2.20 1.33 0.53 0.49 2.61 0.85 0.77 0.51 17.87 4.14
Banjo ray ND 2.48 2.18 7.48 3.24 6.70 3.42 2.41 1.00 0.95 0.95 0.59 0.36 8.12 2.49
Spiny gurnard ND 0.03 0.02 0.03 0.01 0.05 0.03 0.04 0.02 0.05 0.02 0.11 0.07 0.11 0.03
Total ND 53.78 13.23 60.48 11.53 63.31 17.83 21.11 5.47 37.44 3.66 15.62 4.48 71.62 11.31
2004 2005 2006 2007 20112009 20102008
  
1. Variations in this table compared with DPI (2008) result from changes in net corrections applied to some species in 2008 
2. Species for which there was high statistical power to detect changes in population biomass and abundance were selected for this analysis (Emphron 2009). 
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Table 11. Mean (± se) individual length (cm) of eastern shovelnose stingaree, sparsely spotted 
stingaree, spiny gurnard and sand flathead populations sampled in shallow, intermediate, deep 
and west regions for the periods 2004–2007** and 2008–2011. 
Species region
mean SE N mean SE N
Eastern shovelnose shallow* 35.38 0.15 277 39.46 0.67 319
stingaree intermediate 40.41 0.05 209 39.11 0.82 256
deep 44.03 0.04 88 47.68 1.34 63
west* 46.35 0.41 63 42.16 1.78 49
Sparsely spotted shallow* 27.85 0.20 1108 29.40 0.18 1394
stingaree intermediate 29.17 0.19 1280 29.61 0.19 1246
deep 33.44 0.26 458 31.93 0.26 448
west* 34.93 0.41 168 34.18 0.37 165
Spiny gurnard shallow* 14.14 0.15 120 13.40 0.11 219
intermediate 13.57 0.05 786 12.50 0.05 732
deep 12.82 0.04 792 12.11 0.04 755
west* 12.03 0.41 17 11.85 0.23 39
Sand flathead shallow* 26.38 0.13 475 26.25 0.24 264
intermediate 25.26 0.06 2169 24.36 0.08 1510
deep 24.25 0.04 3859 23.89 0.05 2755
west* 26.48 0.25 195 25.59 0.21 233
2004/05-2007 2008-2011
 
N: number of fish measured in each period  
*calculated using 2005–07 data only 
**Note, incorrect means, se and N provided for period 2004/05–2007 in Milestone Report No. 3 (Hirst 
et al. 2010); see also Exceptions (Materials and Methods).
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Figure 7. Size frequency distributions of eastern shovelnose stingaree collected at 22 trawl stations 
during the period 2005–07. Number is the estimated population in each region. Shallow – 
unshaded; west – hatched; intermediate – grey; deep – black; n, sample size. 
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Figure 8. Size frequency distributions of eastern shovelnose stingaree collected at 22 trawl stations 
during the period 2008–11. Number is the estimated population in each region. Shallow – 
unshaded; west – hatched; intermediate – grey; deep – black. 
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Figure 9. Size frequency distributions of sparsely spotted stingaree collected at 22 trawl stations 
during the period 2005–07. Number is the estimated population in each region. Shallow – 
unshaded; west – hatched; intermediate – grey; deep – black. 
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Figure 10. Size frequency distributions of sparsely spotted stingaree collected at 22 trawl stations 
during the period 2008–11. Number is the estimated population in each region. Shallow – 
unshaded; west – hatched; intermediate – grey; deep – black. 
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Figure 11. Size frequency distributions of spiny gurnard collected at 22 trawl stations during the 
period 2005–07. Number is the estimated population in each region. Shallow – unshaded; west – 
hatched; intermediate – grey; deep – black. 
 
 
 
 
  
37 
 
 
Figure 12. Size frequency distributions of spiny gurnard collected at 22 trawl stations during the 
period 2008–11. Number is the estimated population in each region. Shallow – unshaded; west – 
hatched; intermediate – grey; deep – black. 
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Figure 13. Size frequency distributions of sand flathead collected at 22 trawl stations during the 
period 2005–07. Number is the estimated population in each region. Shallow – unshaded; west – 
hatched; intermediate – grey; deep – black. 
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Figure 14. Size frequency distributions of sand flathead collected at 22 trawl stations during the 
period 2008–11. Number is the estimated population in each region. Shallow – unshaded; west – 
hatched; intermediate – grey; deep – black. 
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Figure 15. Long-term trends in log10 biomass of sand flathead for the periods 1990–2007 and 2008–11 
in four regions of PPB and baywide (all regions combined). Vertical lines are change points with 
posterior probability of change > 0.5 (n.b. change point analysis applies to regional plots only). 
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Figure 16. Long-term trends in log10 biomass of eastern shovelnose stingaree for the periods 1990–
2007 and 2008–11 in four regions of PPB and baywide (all regions combined). Vertical lines are 
change points with posterior probability of change > 0.5 (n.b. change point analysis applies to 
regional plots only). 
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Figure 17. Long-term trends in log10 biomass of spiny gurnard for the periods 1990–2007 and 2008–
11 in four regions of PPB and baywide (all regions combined). Vertical lines are change points with 
posterior probability of change > 0.5 (n.b. change point analysis applies to regional plots only). 
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Figure 18. Long-term trends in log10 biomass of snapper for the periods 1990–2007 and 2008–11 in 
four regions of PPB and baywide (all regions combined). Vertical lines are change points with 
posterior probability of change > 0.5 (n.b. change point analysis applies to regional plots only). 
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Figure 19. Long-term trends in log10 biomass of sparsely spotted stingaree for the periods 1990–2007 
and 2008–11 in four regions of PPB and baywide (all regions combined) . 
  
46 
          
1990 1995 2000 2005 2010 2015
year
0.0
0.5
1.0
1.5
2.0
lo
g 1
0(b
io
m
as
s 
(kg
) +
 
1)
W est
     
1990 1995 2000 2005 2010 2015
year
0.0
0.5
1.0
1.5
2.0
2.5
lo
g 1
0(b
io
m
as
s 
(kg
) +
 
1) Shallow
 
          
1990 1995 2000 2005 2010 2015
year
0.0
0.5
1.0
1.5
2.0
lo
g 1
0(b
io
m
as
s 
(kg
) +
 
1)
In term ediate
     
1990 1995 2000 2005 2010 2015
year
0.0
0.5
1.0
1.5
2.0
lo
g 1
0(b
io
m
as
s 
(kg
) +
 
1) Deep
 
\
1990 1995 2000 2005 2010 2015
year
0.0
0.5
1.0
1.5
2.0
2.5
lo
g 1
0(b
io
m
as
s 
(kg
) +
 
1) Baywide
 
Figure 20. Long-term trends in log10 biomass of globefish for the periods 1990–2007 and 2008–11 in 
four regions of PPB and baywide (all regions combined). 
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Figure 21. Long-term trends in log10 biomass of banjo rays for the periods 1990–2007 and 2008–11 in 
four regions of PPB and baywide (all regions combined). 
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Figure 22. Long-term trends in log10 total fish biomass for the periods 1990–2007 and 2008–11 in four 
regions of PPB and baywide (all regions combined)*. Vertical lines are change points with 
posterior probability of change > 0.5 (n.b. change point analysis applies to regional plots only). 
 
* Note, incorrect data and associated change points shown for West region in Milestone Report No. 3 
(Hirst et al. 2010) for the period up to and including 2010 (see also Exceptions, Materials and Methods) 
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Figure 23. Length (FL, cm)-frequency of snapper caught during the 2011 annual survey indicating 
the size of the 1+ and 2+ year-old age cohorts. 
1+ fish 
2+ fish 
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Figure 24. Snapper recruitment patterns 1990–2011 derived from 0+ pre-recruit survey, 1+ 
recreational fisher catches and catches of 1+ fish in the PPB trawl. Catches have been standardized 
to display them on a common y-axis and 1+ catches lagged by a single year to display them on the 
same x-axis as the 0+ catches (i.e. 1+ fish were assumed to be recruited in the previous year). Note, 
annual trawls were not undertaken in 1998 and 2001. Source: Snapper Stock Assessment, Fisheries 
Victoria 2011 
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Figure 25. Contrasting recruitment patterns for sand flathead and snapper in PPB from 1988–2009 
derived from 2+ sand flathead (lagged by 2 years) and 1+ snapper (lagged by 1 year) caught by the 
trawl from 1990–2010. Note, annual trawls were not undertaken in 1998 and 2001. 
  
51 
Appendix 2 Supplementary information  
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Figure 26. Total catch, effort and catch rates for the commercial sand flathead fishery in Port Phillip 
Bay 1979–2010. 
 
 
 
 
Figure 27. Total catch, effort and catch rates for the commercial snapper fishery in Port Phillip Bay 
1979–2010. Source: Snapper Stock Assessment, Fisheries Victoria 2011. 
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Appendix 3. Data Files 
Raw data 
Data are provided with this report electronically in a MS Excel format.  There are no missing data. 
Data Files 
Electronic data files are as follows: 
CATCH.xls 
LENGTHFREQ.xls 
SHOT.xls 
CatchREADME.doc 
lengthfreqREADME.doc 
shotREADME.doc 
 
The latter three files detail the metadata for the above datasets. 
 
 
 
 
